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ABSTRACT 

We study the 0.5-10 keV emission of a sample of five of the broadest double-peaked Balmer-line 
emitters with Chandra. The Balmer lines of these objects originate close (within a few hundred 
gravitational radii) to the central black holes of the Active Galactic Nuclei (AGNs), and their double- 
peaked profiles suggest an origin in the AGN accretion disk. We find that four of the five targets 
can be modeled by simple power-law continua with photon indices (1.6 < F < 1.8) typical of similar 
luminosity AGNs. One object, SDSS J0132— 0952, shows evidence of ionized intrinsic absorption. The 
most-luminous SDSS double-peaked emitter, SDSS J2125— 0813, has either an unusual flat spectrum 
(F ^ 1) or is also highly absorbed. It is the only double-peaked emitter for which no external 
illumination is necessary to account for the Balmer line emission. The strength of the Balmer-line 
emission in the remaining four objects suggests that the total line flux likely exceeds the viscous energy 
that can be extracted locally from the accretion disk and external illumination is necessary. All five 
double-peaked emitters have unusually strong X-ray emission relative to their UV/optical emission, 
which is the likely source of the external illumination necessary for the production of the observed 
strong broad lines. On average about 30% of their bolometric luminosities are emitted between 0.5- 
lOkeV. The spectral energy distributions of the five double-peaked emitters show the big blue bumps 
characteristic of radiatively efflcient accretion flows. The Balmer line profiles, as well as the optical 
and X-ray fluxes of the double-peaked emitters, are highly variable on timescales of months to years 
in the AGN rest frame. 

Subject headings: GALAXIES: ACTIVE: NUCLEI, GALAXIES: Active: Optical/X-ray. 



1. INTRODUCTION 

Double-peaked emitters are Active Galactic Nuclei 
(AGNs) whose broad Balmer-line profiles have a char- 
acteristic "double-humped" shape, with one peak blue- 
ward of the rest-frame wavelength of the line and an- 
other one redward of it. The best explanation for the 
origin of the double-peaked shape involves emission from 
a region in the AGN accretion disk. Since the first exam- 
ples of double-peaked emi ssion hues i n AGNs were pub - 
lished in the 1980s fe.g.. lOkg [19871 : iChen et al.lll989l) . 
more than 100 double-peaked emitters have been found. 
Some of the se objects have a.lso been studied in the X-ray 
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but most of these studies focused on individual objects 
or on serendipitous X-ray detections of limited quality. 

The small sample of double-peaked emitters studied 
in detail in the X-ray band to date consists of pre- 
dominantly low-luminosity radio-loud'' (RL) objects - 
broad line radio galaxies (BLRGs, Eracleous et al. 1994, 
2003, hereafter E03). Based on the prototype disk emit- 
ter (Arp 102B) and the small original BLRG sample, a 
model was developed to ex plain the existenc e of do uble- 
peaked emission in AGNs. IChen fc Halperal (19891) pro- 
posed that BLRGs and other low-accretion-rate, low- 
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* Following'lv ezic et al.l 120028') we define an AGN as radio loud if 
logj^g R = log[-F20cm/-'^i] = 0.4(i— t) > 1, where i is the Sloan Digi- 
tal Sky Survey i-band magnitude and t = —2.5 log(F2Q (.m/3136 Jy) 
is the 20 cm AB radio magnitude. 



Fig. 1. — The redshift-luminosity distribution of the five-object 
Chandra sample with respect to the full SOS sample, the ROSAT 
sample studied by S06, and the X-ray observed EOS sample. Two 
of the EOS objects, discussed in § [T] are denoted by letters: A 
stands for Pictor A, and B stands for Arp 102B. All monochromatic 
luminosities are corrected for host-galaxy contamination. 

luminosity^ AGNs - which do not accrete through a stan- 
dard thin disk - could exhibit low-ionization lines with 
double-peaked profiles. The line profiles arc produced as 
the outer portions of the disk are illuminated by an X- 

^ Lbol < 1-3 X 10'*^ ergs"^ = lO^^TyM^^LEjd. where is the 
black hole mass in units of 10* Mq, rj is the accretion efficiency, and 
^Edd t^"^ Eddington luminosity. Efficient accretors can convert 
up to < 0.3 (for a maximally rotating black hole: iThornelllOT^ 
of the gravitational energy into radiation. 
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TABLE 1 

Chandra Sample 



SDSS Name 


logR 


z 


FWHM 


M, 


(1) 


(2) 


(3) 


(4) 


(5) 


HHMMSS.ssiDDMMSS.s 






km s ^ 


mag 


J013253.31-095239.5 


< 0.7 


0.260 


15200 


-22.9 


J100443.44+480156.5 


< 0.6 


0.199 


16000 


-22.8 


J123807.77+532556.0 


2.3 


0.348 


15400 


-24.4 


J140720.70+023553.1 


< 1 


0.309 


20100 


-22.9 


J212501. 21-081328. 6 


< 0.2 


0.625 


14000 


-26.8 



Note. — (1) SDSS name given in the J2000 epoch RA and 
Dec form; (2) Radio loudness parameter; (3) Redshift; (4) Full- 
Width at Half Maximum of the Ha (objects # 1 through 4) or 
H/3 (object # 5) line; (5) Extinction- and K-corrected (assuming 
a power-law continuum w ith index = —2.45 for A > 5000 A; 
IVanden Berk et al.l 1200 Ih SDSS i-band model magnitude (in- 
cluding the host-galaxy contribution). 

ray-emitting elevated structure in the center - a structure 
that is characteristic of radiativcly inefficient accretion 
flows (RIAFs; e.g, iR ces et al. 1982; Naravan & Yi 1994; 
iQuataert fc Naravanlll999tlAbraniowicz et al.ll2002 ') and 
replaces the standard thin disk. The illumination pro- 
vided by the central elevated structure in AGNs with 
RIAFs is necessary, but not sufficient, for the produc- 
tion of double-peaked lines of the observed strength: all 
BLRGs with double-peaked lines require external illu- 
mination (since the viscous power available locally in 
the disk is insufficient to explain the line strength), but 
not all BLRGs or other RIAF AGNs have double-peaked 
lines. The association of RL AGNs with RIAFs could 
explain the higher frequency of double-peaked emitters 
observed among BLRGs (20%; EOS), compared to 3% 
of low-redshift Sloan Digital Sky Survey (SPSS) AGNs. 
Recent work bv lLewis fc EracleousI ()2006[ ). however, has 
shown that not all BLRG double-peaked emitters with 
low optical luminosities are inefficient emitters: Pic- 
tor A, for example, emits a bolometric luminosity of 
more than 8% of the Eddington luminosity, which is 
too high to support a RIAF (RIAF solutions exist for 

A^crit = a^MEdd < 0.09MEdd, for a viscosity parameter 
a < 0.3, and the radia ted energy is further reduced by 
the accretion efficiency: iNaravan fc Yi|[T995l ). 

The systematic search for AGNs with double-peaked 
Balmer lines in the SDSS revealed that as many as 3% of 
z < 0.33 objects are double-peaked emitters, regardless 
of their radio loudness (Strateva et al. 2003; hereafter, 
S03). Moreover, a handful of luminous higher-redshift 
double-peaked emitters were discovered serendipitously 
based on their H/3 and Mg II line profiles. The expansion 
of the parameter space of the double-peaked emission- 
line AGNs to include radio-quiet (RQ, logi? < 1) and 
higher luminosity objects, as well as the discovery of 
low optical luminosity objects like Pictor A that are effi- 
cient accretors, require a critical evaluation of the exist- 
ing models of illumination and the conditions necessary 
for the existence of double-peaked emission lines. 

X-ray observations of the new extended sample are par- 
ticularly important, since they allow us to obtain more 
accurate estimates of the bolometric luminosities of the 
sources and to gauge the need for extra illumination of 
the accretion disk. Double-peaked emitters which are ef- 
ficient accretors likely require an alternative mode of il- 
lumination. The development of new scenarios can be 



guided by observations in the X-ray band. Basic X- 
ray absorption constraints, for example, provide sensitive 
probes of the nuclear conditions: (1) they allow us to see 
any intervening material right up to the AGN core, and 
(2) they are sensitive to molecular, atomic, or ionized gas 
and dust. The X-ray absorption constraints could pro- 
vide sensitive tests of specific models proposed to explain 
the expanded p opulation of double- peaked emitters. A 
recent model bv lCao fc Wangl (|2006f l. for example, aims 
to explain the disk illumination necessary for the exis- 
tence of the double-peaked lines with the presence of 
jets in RL, and slower, less-collimated outflows in RQ 
double-peaked emitters. The predictions of this model 
can be tested directly by obtaining X-ray spectroscopy 
of double-peaked emitters and looking for signs of these 
outflows in absorption. 

In addition to testing specific models of illumination, 
comparison of the X-ray emission of double-peaked emit- 
ters to that of typical AGNs is essential for uncover- 
ing the necessary and sufficient conditions for the domi- 
nance of accretion-disk Balmer-line emission in this type 
of AGN. Such findings, which will also elucidate the 
physical conditions in AGNs with the broadest observed 
Balmer lines, will have implications for the (still uncer- 
tain) structure of the broad line region (BLR) in AGNs in 
general. It is conceivable that the accretion disk is part 
of the BLR in all AGNs, but its contribution dominates 
the Balmer-line emission only in the sma ll subsamp le of 
AGNs with the broadest lines (see also iLaod l2007l for 
some tantalizing ideas about the structure of the BLR) . 

In this paper we present the first results of an ex- 
ploratory campaign to map the X-ray properties of a 
representative sample of AGNs with the broadest double- 
peaked Balmer-lines. Using the Chandra X-ray Obser- 
vatory we obtained high-quality X-ray images and spec- 
tra for five sources, complemented by contemporaneous 
optical spectra from the ground. Our five targets span 
the redshift and optical luminosity plane of the SDSS 
double-peaked sample presented in S03. The paper is or- 
ganized as follows: in Sj2] we present the current sample 
and its selection criteria, followed by the analysis of the 
X-ray and optical observations of each individual source 
in §[|3] and 111 and the discussion a nd conclusions in ^ 
Throughout this paper we use the iSpergel et al.l ()2007f ) 
concordance cosmology and quote all flux and luminosity 
errors as 90% confidence limits; all other errors quoted 
are la Gaussian equivalent. 

2. SAMPLE SELECTION 

The sample of five SDSS double-peaked emitters ob- 
served with Chandra was selected to span the part of 
the luminosity-redshift-RL space which was not covered 
by the initial BLRG sample. Figure [1] shows the po- 
sitions of the five targets on the redshift vs. 2500 A 
monochromatic-luminosity plane, using the rest-frame 
flux densities measured during the SDSS epoch. The 
full SDSS sample of double-peaked emitters from S03 
is also shown for comparison, as well as the sample of 
SDSS double-peaked emitters serendipitously detected 
with ROSAT and presented in Strateva et al. (2006; 
hereafter, S06). The Chandra sample is representative 
of the full SDSS double-peaked emitter sample with re- 
gard to optical luminosity, redshift, and radio- loudness 
(to the extent that most SDSS double-peaked emitters 
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TABLE 2 
X-RAY Observations 



Object 


ObsID 


Instrument 


ObsDate 


iexp 


Counts 


Count Rate 


PSF FWHM 


ROSAT 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


HHMMitDDMM 






yyyy-mm-dd 


sec 




counts s ^ 


// 


counts s ^ 


J0132-0952 


6770 


ACIS-7 


2006-06-24 


8151 


727 


0.089 ± 0.003 


0.85 ±0.03 


< 0.011 


J1004+4801 


6771 


ACIS-235678 


2006-01-31 


8628 


359 


0.042 ± 0.002 


0.80 ± 0.03 


0.04 ± 0.01 


J1238+5325 


6773 


ACIS-7 


2006-05-31 


4061 


1133 


0.279 ± 0.008 


0.75 ± 0.02 


0.10 ±0.02 


J1407+0235 


6772 


ACIS-235678 


2005-12-07 


5471 


1348* 


0.246 ±0.007* 


1.1 ± 0.1 


< 0.014 


J2125-0813 


6774 


ACIS-7 


2006-04-02 


4110 


155 


0.038 ± 0.003 


1.1 ± 0.1 


0.06 ± 0.01 



Note. — The asterisk (*) denotes observed values, which are not corrected for pile-up. (1) Short object name; 
(2) Chandra Observation ID; (3) ACIS chips used; all observations used the 1/8 subarray except ObsID 6772, 
which used the 1/2 subarray; (4) Date of the observation; (5) Effective exposure time, texp; (6) Total counts in 
the 0.3-10 keV spectrum; (7) Count rate for the ACIS-S3 chip; (8) The Full Width at Half Maximum (FWHM) 
of the ACIS image Point Spread Function (PSF); (9) The 0.5-2 keV ROSAT count rate. 



are RQ). The prototype disk emitter, Arp 102 B, is fainter 
at 2500 A than most SDSS double-peaked emitters, as is 

the optically-brighter, efficient acc retor, PictorA. 

The initial BLRG sample of lEracleous fc HalpernI 
()1994 l2003b[ ) has been extended with serendipitously 
discovered double-peaked emitters in a handful of low- 
ionization nuclear emission-line region galaxies (LIN- 
ERs) and quasars. A small number of sources from 
this original sample of double-peaked emitters have 
serendipitous or pointed X-ray coverage; in all but 9 
cases only soft-band coverage by ROSAT is available, 
with too few counts for spectral fits. Among the 9 
double-peaked emitters from the original sample with 
0.3-10 keV XMM-Newton and Chandra observations, 4 
are LINERs (NGC 1097, M81, NGC4203, NGC4579; 
S06 and references therein) and the remaining 5 are 
BLRGs (Arp 102 B, 3C 390.3, PictorA, PKS 0921-213, 
and 3C382; S06, Grandi et al. 2006). The X-ray data 
for these 9 double-p eaked emitters are summarized in 
IStrateva et all (|2006l ). These are predominantly low UV 
luminosity and redshift {z < 0.1) objects, as shown in 
Figure [T] The new Chandra targets were selected to be 
predominantly RQ (four out of the five) , higher luminos- 
ity and redshift (0.199 < z < 0.625) counterparts to the 
original-sample sources studied in the hard X-ray band, 
forming an ideal comparison sample of double-peaked 
emitters. The selection criteria used only optical data, 
and the sample is therefore unbiased with respect to the 
X-ray properties of the selected targets. We present the 
five targets in Table [l] listing the SDSS i-band magni- 
tudes, redshifts and radio-loudness, as well as the Full- 
Widths at Half Maximum (FWHMs) of the Ha (or H/3) 
lines. 

The five double-peaked emitters observed with Chan- 
dra are among the 16 AGNs with the broadest published 
Balmer lines: FWHM > 14000 km s~^. Among the par- 
ent sample of over 3000 SDSS AGNs from which the 
SDSS double-peaked emitters were selected, virtually all 
AGNs with such extremely broad Balmer lines showed 
line profiles indicative of a disk origin. Thus, with regard 
to their Balmer line widths, the five Chandra targets are 
not representative of the full sample of SDSS double- 
peaked emitters. They were selected because the widths 
of their Balmer lines suggest an origin very close to the 
center of the disk. As such they are the most suitable 
objects for addressing the question of the energy budget 
of the line-emitting portion of the disk. By extension. 



this set of objects can also help us address the impor- 
tant question of why only a small fraction of AGNs show 
double-peaked Balmer line profiles, while the majority of 
the profiles are single peaked. 

3. CHANDRA IMAGING SPECTROSCOPY 

Table [2] summarizes the observations carried out dur- 
ing Chandra Cycle 8. The exposure times were se- 
lected to yield enough counts for a basic spectro- 
scopic fit in each case (>100 counts). Three of 
the targets (SDSS J1004-h4801, SDSS J1238-I-5325, and 
SDSSJ2125-0813) had prior serendipitous ROSAT de- 
tections, while the remaining two have ROSAT all sky 
survey (RASS) upper hmits. We used CIAO v. 3. 4 and 
XSPEC V. 12. 3.0 to analyze the data, starting with the 
event 1 files. We fit all spectra with more than 200 counts 
in the 0.3-10 keV band using x^-minimization and use 
the Cash statistic (C-stat) for the one object with less 
than 200 counts. The results for each of the five double- 
peaked emitters are summarized below, where we also 
discuss their X-ray variability. 

3.1. SDSSJ0132-0952 

SDSS J0132-0952 is a RQ double-peaked emitter 
which was observed with Chandra for 8.2 ks. The X- 
ray image of the target is a point source with a Point 
Spread Function (PSF) FWHM = 0.85 ±0.03" (TableE]). 
Based on the SDSS image, our target lies in a cluster at 
z — 0.26 identified by Kocstcr et al. (2007); it is situated 
at a projected distance of ^ 230 kpc from the brightest 
cluster galaxy. 

The 0.3-10 keV spectrum of SDSS J0132-0952 cannot 
be modeled by a simple power law absorbed by neutral 
hydrogen with a column density equal to the Galactic 
value [x^ / DoF = 50/32, where DoF stands for the 
number of degrees of freedom). Since intrinsic absorp- 
tion is common among AGNs, we attempted to model 
the spectrum by adding an intrinsic absorber. The ad- 
dition of a neutral intrinsic absorber does not improve 
the fit significantly [y^ / DoF = 49/31), because the 
spectrum is too soft; allowing for partial coverage im- 
proves the fit, but the model is only marginally accept- 
able {x^ /DoF = 42/30). The fit residuals are sugges- 
tive of an absorption edge around 0.7-0.8 keV, and we 
attempted to fit the spec trum with a ioniz ed absorber 
model {abson in XSPEC: iDone et al.|[l99^ . The spec- 
tral fit is shown in Fig. [2l The fit is improved at > 98% 
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Fig. 2. — X-ray spectra of the five double-peaked emitters overlaid writli the best-fit models. The panels are arranged in order of increasing 
RA, with the RA increasing to the right and down. The second panel displays the 1 — 3(t confidence contours for the gas column density 
and ionization parameter for the SDSS J0132— 0952 fit shown in the first panel. The SDSS J1407— 0235 fit takes into account the pile-up 
estimated to be 12%. The last panel gives the SDSS J2125— 0813 Cash-statistic fit which has no Ax^ residuals; Ax refers to the residuals 
in units of a with errorbars of size 1. 

ing parameters in Figure [2l Since the XSPEC absori 
model is not fully self consistent (it treats the temper- 
ature and ionization parameter as independent param- 
eters, for ex ample), we use d the etable XSTAR model 
(jKallman fc McCray 1982; Kallman et 311120041 ). as im- 
plemented in XSPECj to verify the absori model param- 
eters. The ionization parameter® and absorber column 



confidence {x^/DoF — 37/30); the unabsorbed spec- 
trum is a power law with F = 1.70 ± 0.08, typical for 
similar X-ray luminosity AGNs, which have an average 
photo n index of (F) = 1.74 ± 0.09 (e.g., iPiconcelli efaLl 
I2OO2D . The column density of the ionized absorber is 
constrained to A^h.i = (4 ± 2) x 10^^ cm~^ with an ion- 
ization parameter^ ^ = 160 ± 70 erg s^^ cm. The ab- 
sori fit parameters are given in Table [3] and the es- 
timated fluxes and monochromatic luminosities in Ta- 
ble m We show the 1 — 3ct contours for two interest- 

^ The ionization state is defined by the ionization parameter, ^, 
with ^ = L/{nB?), where L denotes the luminosity of the source, 
R is th e distance to the s ource, and n is the Hydrogen column 
density I ITarter et al.|[T969ri . 



^ See http://he asarc.gsfc.nasa.gov/docs/software/xstar/xstar.htmT] 
for more details. 

^ Note that the luminosity ranges used in the definition of the 
ionization parameter are chosen differently in different photoion- 
ization codes. The XSPEC absori model computes the ionizing lu- 
minosity between 5 keV and 300 keV, compared to 1 Ry to 1000 Ry 
(which corresponds to 13.6 eV to 13.6 keV) in the XSTAR models. 
This results in a difference in the ionization parameter ^ of about 
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Fig. 3. — The Ha (first four) and H/3 (middle right panel) line profiles of the five double-peaked emitters observed with Chandra overlaid 
with the best-fit accretion-disk emission models. The panels are arranged in order of increasing RA, with the RA increasing down and to 
the right. Each panel shows the fit residuals, including the indicated narrow lines, displaced to negative values for clarity. The bottom 
right panel shows the Ha variability of one of our targets, SDSS J1407— 0235. The top curves denote the HET and SDSS spectra, while 
the bottom two curves show the accretion-disk fits; for clarity, the continuum levels have been displaced by arbitrary values in all cases. 
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density are both consistent: iVn,! — SIg x 10 cm 
and CxSTAR = 250li5o ergs'^ cm, but the XSTAR model 
constraints are much looser than those obtained with the 
XSPEC absori model. This is a result of the limited 
signal-to-noise ratio of the current data, for which the 
absori model, which has no sophisticated line informa- 
tion, is sufficiently detailed. 

SDSS J0132-0952 falls within RASS observation 
RS931905N00 (June 1990), but is not detected in 440 s. 
We estimate a count-rate upper limit of <0.011s^^ in 
the 0.5-2 keV band (see Table [2]), corresponding to an 
expected Chandra ACIS-S count rate of <0.036s~^, 
fainter than the observed 0.5-2 keV ACIS-S count rate of 
0.056 ± 0.003 s^^. This suggests that the source is vari- 
able, brightening by at least ~60% in the last 17 years 
(corresponding to ~ 13.5 years in the source rest-frame). 

3.2. SDSSJ1004+4801 

SDSS J1004-f 4801 is a RQ double-peaked emitter that 
was observed with Chandra for 8.6 ks (Table [2]). The 
0.3-10 keV spectrum has 359 counts and can be mod- 
eled with a simple power law modified by absorption 
equal to the Galactic value {x^/DoF = 21/31; see Ta- 
ble [3] and Figure (2). We measure a power-law photon 
index of F = 1.60 ± 0.09, which is rather flat, but within 
the range observed for RQ AGNs; the soft-band flux is 
-Fb.5-2koV = (1.4 ±0.2) X 10~^^ergscm~^s~^ Consider- 
ing the small number of counts in the spectrum, we can 
alternatively fix the power-law slope of the spectral fit to 
the average value observed ii i similar redshift and lumi- 
nosity AGNs, F = 1.74 fe.g.. lPiconceni et al.| [2002). and 
allow for some intrinsic absorption. The model fit includ- 
ing a neutral absorber is acceptable (x^/DoF = 22/31), 
but the inferred intrinsic absorbing column density is 
smaU, Nu.i < 6 x 10^° cm'^. 

SDSS J1004+4801 was detected in the RASS in Octo- 
ber 1990, with a 0.5-2 keV count rate of 0.04 ± 0.01 s'^ 
and a hardness ratio^ of 0.01 (corresponding to F « 1.7 
with absorption equal to the Galactic value). Assum- 
ing the Chandra power-law model slope and absorption 
equal to the Galactic value, the ROSAT soft-band fiux 
was Fo.5_2keV = (4.4± 1.1) x lO'^^ergscm^^s"^ This 
is significantly brighter than the 2006 Chandra soft-band 
flux given above. 

3.3. SDSSJ1238+5325 

SDSS J1238-I-5325 (Tabled is a RL double-peaked 
emitter which we observed with Chandra using the ACIS- 
S 1/8 subarray. The 0.3-10 keV spectrum can be repre- 
sented by a simple power law with photon index F = 
1.77 ±0.05 modifled by Galactic absorption (see Table[3] 
and Figure [2]). Any intrinsic neutral absorption is con- 
strained to be iVH,i < 3 X 10^^ cm~^. 

SDSS J1238+5325 was previously detected with 
ROSAT in December 1990. Assuming that the Chan- 
dra power-law model modified by Galactic absorption 
applies, the soft-band fiux was Fo.5-2kcV = (1-2 ± 0.2) x 
10"^^ ergscm"^ s""'^ during the ROSAT observation, es- 
sentially unchanged from the 2006 Chandra observation. 

^ The hardness ratio used here is defined as (A — B)/ {A + B), 
where A refers to the ROSAT PSPC count rate in the hard (0.5- 
2.0 keV) and B in the soft (0.1-0.4 keV) band. 

Restricting the Chandra spectral fit to the ROSAT band does 
not affect the result. 



3.4. SDSSJ1407+0235 

SDSS J1407-0235 is a RQ double-peaked emitter ob- 
served by Chandra for 5.5 ks (Table [2]). The source falls 
within two RASS -390 s pointings: RS931738N00 and 
RS931638N00 observed on 1991 August 13. The esti- 
mated count-rate upper limits, < 0.014s~^, are con- 
sistent for the two observations, corresponding to an 
expected Chandra ACIS-S count rate of < 0.066 s~^ 
(0.3-lOkeV). The actual observed count rate (using the 
1/2 subarray) was 0.25 ± 0.01 s^^ (a brightening by at 
least a factor of 4) and the source is piled up. We used 
SHERPA's jdpileup model to estimate the pile-up and 
model the X-ray spectrum. The estimated pile-up frac- 
tion is 12%, and the spectrum can be modeled by a 
simple power law with photon index F — 1.60 ± 0.05 
modified by Galactic absorption. The pile-up and ab- 
sorption corrected fiuxes in the hard and soft bands are 
-F2-iokeV = 1-7 X 10-12 erg cm-^s"^ and Fo.5_2koV = 
8.1 X 10"^^ ergcm-2 s-i, respectively (see TableH]). 

3.5. SDSSJ2125-0813 

SDSS J2125— 0813 is the highest optical luminosity 
SDSS double-peaked emitter (Mj = -26.8, Table [l]) and 
one of only three high-redshift {z ~ 0.6) double-peaked 
emitters discovered serendipitously based on their H/3- 
line profiles. Its inclusion in the current sample allows 
us to extend substantially the redshift and luminosity 
coverage of the sample. 

A simple power-law model modified by Galactic ab- 
sorption in the 0.3-10 keV band results in a rather fiat 
power-law slope of F = 1.0 ± 0.1, with large residuals 
around 3.9 — 4.3 keV, corresponding to ~ 6.3 — 7keV in 
the AGN rest frame (C-stat=123 for IIS DoF; see Fig- 
ure [5]). The inclusion of neutral intrinsic absorption does 
not improve the fit. The addition of a Gaussian emis- 
sion line centered at 6.7 keV (rest-frame) with a width 
of 0.3keV improves the fit (C-stat=118 for 111 DoF), 
but the small number of counts prevents us from reli- 
ably constraining the line parameters. The equivalent 
width of the Gaussian line is ~ 0.7 keV, and if con- 
firmed, this line is consistent with Fe XXV Ka emis- 
sion. Note that the putative FeKa line EW is too 
high relative to the observed hard-band X-ray luminosity 
and would require unusually high Fe abundance; typ- 
ical AGNs with 2-10 keV luminosities similar to that 
of SDSS J21 25-0813 (lO^^ ergs- ^) are expected to have 
EW- 40 eV (jBianchi et al.l[200l . 

More complex models including a partial or ionized 
absorber or an exponentially cut-off power-law model re- 
flected by ionized material in addition to a relativistic Fe 
line provide better fits to the data, but cannot be well 
constrained with only 155 counts. For example, a model 
including an ionized absorber (^ « 200 erg s^^ cm) with 
a large column density (iVn,! ~ lO^'^cm-^) provides a 
statistically ac ceptable fit, suggesti ng the slow wind out- 
flow model of ICao fc Wand (120061 ) might provide extra 
illumination to the Ha emission region. A longer obser- 
vation of this source is necessary to characterize better 
its X-ray emitting region. 

SDSS J2125-0813 was detected in the RASS in 
November 1990, with a 0.5-2 keV flux of (8 ± 
1) X 10"^^ ergcm^^ s~i and a hardness ratio of 0.86, 
which corresponds to a power-law photon index of 
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TABLE 3 
X-RAY Spectral Fits 



Object r A^HG i EWpcKa x'^/DoF Model 

(1) (2) (3) (4) (5) (6) (7) 

HHMMitDDMM cm-^ cm-^ kcV 



J0132-0952 

J1004+4801 
J1238+5325 
J1407+0235 
J2125-0813 



1.70 ±0.08 3.0 x 1020 



1.60 ±0.09 
1.77 ±0.05 
1.60 ±0.05 
1.0±0.1 



9.0 X 1013 
1.6 X 10^" 
2.4 X 10^" 
5.3 X 10^0 



(4 ± 2) X 10^2 
5 = 160 ± 70 



< 0.5 37/30 wabs(absori*zpow) 

< 0.9 21/32 wabs*zpow 

< 0.3 54/46 wabs*zpow 

49/58 jdpileup(abs*power) 
~ 0.7? 123/118 wabs*zpow 



Note. — (1) Short object name; (2) Power-law photon index; (3) Galactic hydrogen column 
density; (4) Intrinsic absorbing column density A^jj,! and ionization parameter of the absorbing gas, 
^ in units of ergs~^ cm, whenever appropriate; (5) FeKa line equivalent width or upper limit; (6) 
(first 4 rows) or C-stat (last row) of the model fit and the number of degrees of freedom, DoF; (7) 
XSPEC/SHERPA model. 




4000 5000 6000 7000 

REST WAVELENGTH [A] 



Fig. 4. — AGN-host-galaxy decomposition for the three double- 
peaked emitters whose SDSS spectra have detectable host-galaxy 
contributions. The host galaxy component is shown in red, the 
AGN component in green, the total SDSS spectrum in black, and 
the total HET spectrum in cyan. All spectra are observed flux- 
calibrated spectra, i.e., no Galactic extinction correction has been 
applied. The SDSS spectra are convolved with an 8 A Gaussian 
kernel for display purposes. The top panel shows only one of the 
two SDSS spectra, taken on 2001 September 26. 

ro.i_2 — 1-5 (assuming absorption equal to the Galac- 
tic value). For comparison, the best-fit (Figure ^ 
model 0.5-2 keV flux in the Chandra observation was 
1-31q;5 ^ 10~^^ ergcm"^ s~^, a soft X-ray band decrease 
in flux by a factor of ^ 6 over 15.5 years. The observed 
change in the soft-band flux is signiflcant and robust to 
changes in the power-law model (e.g., assuming intrin- 
sic absorption) or the X-ray band (e.g., restricting the 
analysis to the 0.5-2 keV band) used to obtain the flux 
during the Chandra epoch. 

4. CONTEMPORANEOUS OPTICAL OBSERVATIONS 

We re-observed all five double-peaked emitters with 
the Marcario Low-Resolution Spectrograph (LRS) of 
the Hobby-Eberly Telescope (HET) in the optical 
band, within a few months of the Chandra observa- 
tions. Double-peaked emitters a re known to vary on 
timescales of mont hs to years (e.g.. lEracleous et al.|[200l 
iGezari et al.ll2007[) . and thus contemporaneous observa- 



tions are necessary to ensure proper comparison of the 
optical and the X-ray monochromatic luminosities. In 
addition to flux variations, the line proflle shapes also 
vary on timescales of months to years and a contempora- 
neous spectrum allows us to estimate the emission-region 
size during the Chandra epoch. We used the Gl grism 
and 1" slit to cover the wavelength range 4150-10100 A. 
Our spectra have a spectral resolution of 8.4 A, corre- 
sponding to a velocity resolution of 350kms~^ at 7200 A. 
The data we re reduced in a s t andar d manner, as de- 
scribed in Er acleous &: HalpernI (|1994D . for example. 

We used the [O III] line flux measured from the SDSS 
spectra to determine the flux calibration of the HET 
spectra. The [O III] line em ission is a good tracer o f nu- 
clear activity in AGNs (e.g. iKauffmann et al1l2003l and 
references therein) and provides a suitable and relatively 
robust measure (we estimate < 10% uncertainty) of the 
spectral normalization. 

We isolated the Ha-line profiles (or the H/? profile in 
the case of SDSS J2125-0813) in the HET/LRS spec- 
tra by subtracting a local power-law continuum. We 
fitted the resulting line profiles with the relativistic 
Keplerian disk model s of I Chen fc HalpernI (|l989.) and 
lEracleous et al.l (|1995l ) in order to determine the parame- 
ters that characterize the line-emitting region of the disk. 
For these fits we ignore the regions around the narrow Ha 
line as well as the S, N, and O forbidden lines. We used 
the SDSS line-profile fits, which include modeling of the 
narrow lines, to verify that the results obtained from the 
HET spectra are robust. The line-profile fits allow us 
to estimate the following parameters: (1) the inner and 
outer radii of the emission region, Ri and i?2, iu units 
of Rg = GM I (? , where M is the mass of the black hole, 
(2) the inclination of the axis of the disk to the line of 
sight, i, (3) the emissivity power-law index, g,^^ under 
the convention that e oc R"'^, and (4) the broadening 
parameter, a (in km s~^). 

The line profiles of the five objects of our sample are 
shown in Figure [31 together with the best-fitting disk 
models. Table [5] lists the model parameters. Two of 

11 The external illumination is usually assumed to be well de- 
scribed by a power law with an index q with 2 < q < 3, where 
q = 3 represents a point source high above the disk on the disk 
axis, while q = 2 repres ents a con stant-density illuminator above 
the emission region (see IDumont fc Collin-Souffrin,199Q) . 
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TABLE 4 

X-RAY AND Optical Fluxes, Luminosities and Flux-ratios 



Object 
(1) 

HHMMitDDMM 


-'^2-lOkcV 
(2), 
erg cm ^ s 


1 


-^0.5-2 kcV 
(3) 

erg cm ^ s 


1 


'2koV 
(4) 

log [ergs ^ Hz ^\ 


'2500 A 
(5) 

log [ergs -"^ Hz ^] 


ctox 
(6) 


ACfoX 

(7) 


(8) 


-'^bol 
(9) 
erg s 


J0132-0952 


8.7+2 J X 10" 


-13 


i.%t]:l X 10" 


-13 


26.24 


29.01 


-1.06 


0.28 


0.17 


1 X 10''^ 


J1004+4801 


2.9lO-i X 10^ 


-13 


1.4iE!;2 X 10- 


-13 


25.45 


28.22 


-1.06 


0.17 


0.19 


2 X 10'''' 


J1238+5325 


l.9t°ol X 10- 


-12 


X 10" 


13 


26.91 


29.53 


-1.00 


0.41 




4 X lO"'^ 


J1407+0235 


l.7to\ X 10" 


-12 


X 10- 


-13 


26.66 


29.30 


-1.01 


0.37 


0.17 


2 X lO"'^ 


J2125-0813 


7. ill' J X 10- 


-13 


i.alg j X 10- 


-13 


26.77 


30.23 


-1.33 


0.18 


0.20 


1 X 10''® 



Note. — (1) Short object name; (2) 2-10 keV rest-frame absorption-corrected flux; (3) 0.5-2 keV rest-frame absorption- 
corrected flux; (4) Logarithm of the 2keV monochromatic luminosity; (5) Logarithm of the 2500 A monochromatic lumi- 
nosity; (6) UV-to- X-ray spectral index, aox = — 0.3838(?9,;nn i — '2kov)i (7) Qox residuals, obtained by subtracting the Qox 
expected from the Q!ox('25ooA) relation of Stcffc n ot al . (2006) from the observed one; (8) The spread of similar luminosity 
RQ AGNs around the best-fit relation of ISteffen et al.l (j2006l 'l : (9) Bolometric luminosity estimate, see S 15.41 



TABLE 5 

HET Observations and Balmer-Line Disk Fit Parameters 



Object 


ObsDate 


^cxp 


i 


1 


Rl 


R2 


a 


e 


4> 






(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


HHMMitDDMM 


yyyy-mm-dd 


sec 


degree 




Rg 


Rg 


km s ^ 




degree 


ergs ^ 




J0132-0952 


2006-08-23 


1800 


32 


2 


340 


850 


2400 


0.1 


50 


5.6 X 10"^ 


0.4 


J1004-I-4801 


2006-03-29 


2500 


36 


3 


750 


1470 


2200 






1.4 X 10"^ 


1.8 


J1238-I-5325 


2006-06-17 


900 


48 


2 


400 


1400 


1800 


0.3 


30 


15 X 10''2 


0.3 


J1407-I-0235 


2006-03-05 


3200 


20 


2 


180 


210 


1400 


0.2 


58 


7.7 X 10"^ 


0.4 


J2125-0813 


2006-06-23 


1100 


15 


2 


150 


340 


2000 






9.1 X 10"^ 


0.1 



Note. — Accretion-disk model fits following IChen fc HalpernI l|1989f ) and lEracleous fc HalpernI l| 19941 ). (1) 
Short object name; (2) Date of the HET observation; (3) Exposure time, texp; (4) Disk inclination with respect 
of our line of sight; (5) Power-law index of the external illumination, q; the inner (6) and outer (7) radii of 
the emission region; (8) Turbulent broadening parameter; (9) Disk ellipticity; (10) Orientation angle of the 
disk semi-major axis with respect to our line of sight; (11) Luminosity of the Ha line (or H/3, in the case of 
SDSS J2125— 0813); the uncertainties are on the order of 5%-10%; (12) The ratio of the Ha-line luminosity to 
the viscous power available locally in the emission-line region of the accretion disk, L^ia/W^. The value quoted 
for SDSS J2125— 0813 assumes a typical Ha-to-H/J flux ratio of 3.2. 



TABLE 6 

Optical Variability: Time Scales and Amplitudes 



Object 
(1) 

HHMMitDDMM 


SDSS ObsDate 
(2) 

yyyy-mm-dd 


Galaxy 
(3) 

% 


AtHET-SDSS 
(4) 
years 


AtHET-C/iandra 
(5) 
months 


AAj-cst 
(6) 

A 


-'^sdssZ-Phet 

(7) 


-^Hq,SDSs/-Phq.HET 
(8) 


J0132-0952 


2001-08-26 


20 


5 


-10 


4300-4600 


1.15 


0.9 




2001-09-26 


20 


5 


-10 


4300-4600 


0.95 


0.85 


J1004-t4801 


2002-03-06 


70 


4 


1.9 


4500-7200 


0.7 


0.7 


J1238-t5325 


2002-04-15 


<10 


4.2 


0.57 


4000-6200 


0.53 


0.63 


J1407-t0235 


2001-03-25 


50 


5 


4 


4000-4500 


3 


2.4 


J2125-0813 


2001-09-01 


<10 


4.7 


3 


3300-4200 


0.45 


0.4 



Note. — (1) Short object name; (2) Date of the SDSS observation; (3) The percentage contribution from the host galaxy 
at 4200 A from the SDSS spectrum, except for SDSS J1004-t4801, for which the galaxy fraction is measured at 4500 A; (4) 
Observed-frame time interval between the SDSS and the HET observations, tuET — iSDSSi the HET observation always 
foUowed the SDSS one; (5) Observed-frame time interval between the HET and the Chdndra observations, ^het — ^Chandra': 
a negative sign indicates that the HET observation precedes the Chandra one; (6) Rest-wavelength range for which the flux 
change was measured; (7) The ratio of the HET to the SDSS flux; (8) The ratio of the HET to the SDSS Ha-line (H/3 in the 
case of SDSS J2125-0813) flux. 
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the objects are well fit by an axisymmetric disk model, 
and all disk parameter estimates are fairly robust (in 
the case of SDSS J2125— 0813, for example, the inner ra- 
dius of the emission region is constrained to lie between 
110 i?G < Ri < 180 i?G)- The remaining three objects 
require non- axisymmetric disk models, and we model 
them with an elhptica l disk. The elliptical disk model 
(jEracleous et al.lll995f ) is the simplest non-axisymmetric 
accretion-disk model which we use to obtain estimates of 
the inner and outer radii of the Ha-line emission region; 
besides the five disk parameters listed above, this model 
requires fitting for the disk ellipticity, e, and the angle of 
the semi- major axis with respect to our line of sight, 4>. 
The inner and outer radii of the emitting region are less 
well constrained in these three cases, but choosing models 
with fixed emissivity power-law indices, we can estimate 
the inner radius to about ±30%. We start by assuming 
either a point-source illumination (g = 3) or illumination 
by scattering {q = 2), whenever the point-source model 
fit is inadequate. We were able to constrain the incli- 
nation angles to within a few degrees in all cases, which 
is important since this parameter is degenerate with the 
inner radius. The inner radius of the emitting region is 
a crucial parameter for the determination of the viscous 
energy available locally. The ratio of the line luminos- 
ity to the locally available energy (listed in Table [5] in 
all cases) detemines the need for external illumination as 
discussed in § 15.51 below. 

We use the bluest parts of the HET spectra (3300 A 
for SDSSJ2125-0813, and 4000-4500 A for the remain- 
ing targets) to estimate the change in flux between the 
HET and SDSS epochs and list the results in Table El 
Table |6] summarizes the optical variability time scales 
and amplitudes for the five Chandra double-peaked emit- 
ters. The changes in the continuum fluxes over the wave- 
length ranges specified in column 6 are given in column 
7, with the changes in the Ha-line fluxes (H/3 in the case 
of SDSS J2125-0813) fisted in column 8. The contin- 
uum flux varied by factors of 2-3 for the three higher 
redshift sources (SDSS J1238-I-5325, SDSS J1407-0235, 
and SDSS J2125-0813) in the 3-4 year (rest-frame) pe- 
riod between the SDSS and HET observations. In addi- 
tion to the reported continuum-flux variability, the line 
profile shapes also varied between the SDSS and HET 
observations. The ratio of the blue-to-red peak height 
varied from ~0.9 to -1 in the case of SDSS J0132-0952, 
and ~ 1.1 to - 0.8 in the case of SDSS J1407-0235 
(see the last panel of Figure [3]), as ha s been observed 
for other double-peaked emitters (e.g., lEracleous et al.l 
[20M iGezari et al.l[200l . 

In order to estimate the host-galaxy corrections, we 
fit the SDSS spectra, which have broader wavelength 
coverage and provide better constraints on the AGN- 
host-galaxy decomposition, with a combination of host- 
galaxy and AGN components. The results of these 
fits, for the three double-peaked emitters with de- 
tectable host-galaxy contribution in the 3"-diameter 
SDSS fibers, are shown in Figure HI The host-galaxy 
and AGN components for the fit are constructed us- 
ing AGN and ga laxy e igenspectra obtained from large 
SDSS samples bv lYip e t al. (2004a^b). We subtract the 
host-galaxy spectra obtained in this fashion from the 
three SDSS spectra with substantial host-galaxy con- 



tributions: SDSS J0132-0952, SDSS J1004-f 4801, and 
SDSSJ1407-0235 (see Table E] for the respective host- 
galaxy contributions). 

In order to extrapolate the optical observations to the 
UV and obtain an estimate of the monochromatic lu- 
minosities at 2500A, /2500A — log(L25ooA)i scale 
th e mean quasar spect ral energy distribution (SED) 
of [Richards et al.l ()2006f) to match the observed AGN 
continua in the optical. We use the HET spectra of 
SDSSJ1238-)-5325 and SDSS J2125-0813 for this pur- 
pose, and the SDSS AGN components scaled to the HET 
epoch for the three sources with significant galaxy con- 
tributions. This is necessary as the HET coverage is in- 
sufficient to provide good constraints on the host-galaxy 
contributions. We caution, however, that this solution 
is not optimal, since the 3"-diametcr SDSS fibers are 
larger than the rectangular 1" x 10" LRS slits, and the 
host-galaxy contribution could be smaller in the HET 
spectra. Under the seeing conditions at which the HET 
spectra were obtained, however, the AGN spectrum is 
further dilut ed by starlight a nd this representation is ad- 
equate. The [Richards et al.l (2006) quasar SED was con- 
structed to cover the infrared (IR) to the X-ray region 
using Spitzer Space Telescope, SDSS, GALEX (GALaxy 
evolution EXplorer), and ROSAT data for a sample of 
unobscured SDSS quasars. The slopes of the host-galaxy 
corrected spect r a for a ll of our sources agree well with the 
[Richards et al.l ()2006[ ) quasar continuum, as discussed 
further in § 15.41 

5. DISCUSSION AND CONCLUSIONS 

5.1. X-ray Continua 

Four of the five Chandra double-peaked emitters are 
well fit by power-law models with spectral indices in the 
range 1.6 < F < 1.8, in good agreement with the con- 
tinua of simil ar luminosity AGNs, (F) = 1.74 ± 0.09, 
studied by Pi concelli et al.l ([2002). A well-known corre- 
lation exists between F and the FWHM the H/3 l ine in 
AGNs (e.g- lBrandt et al.lll997( ). iShemmer etall (|2006L 
I2OO8D show that the F-FWHMh/? relation is driven by 
the relation between the hard X-ray band photon index 
and the accretion rate (parameterized by L/LEdd), since 
FWHMh/3 is an accretion-rate indicator for unobscured 
AGNs. There is no evidence that the Balmer-line widths 
can be used as an accretion-rate indicator for double- 
peaked emitters, especially for the double-peaked emit- 
ters with extremely large line widths considered here. 
However, if the X-ray power-law photon index can be 
used as an indicator of the accretion rate, the double- 
peaked emitters studied here would have L/L-^dd ~ 0.1 
(with a la range of 0.005 < L/L^dd < 1) and at least 
four of the five would be considered efficient accretors, a 
result that is supported further by the existence of "big 
blue bumps" - a characteristic feature in the spectral 
energy distributions of quasars (see § 15. 4|) . 

5.2. X-ray and Optical Variability 

Four of the five double-peaked emitters observed with 
Chandra are X-ray variable on long timescales. Both 
SDSS J0132-0952 and SDSS J1407+0235 have RASS up- 
per limits lower than the observed ACIS-S fiuxes in 
the 0.5-2 keV band, suggesting that these sources have 
brightened on decade timescales by at least a factor 
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TABLE 7 
GALEX UV Observations 



Object 


GALEX ObsDatc 


Fnuv 


Fpuv 


E{B - V) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


HHMMitDDMM 


yyyy-mm-dd 








mag 


J0132-0952 


2007-10-22 


55.2 ±3.9 


31.1 ±4.0 


0.028 


0.22 


J1004+4801 


2007-02-10 


16.3 ±3.1 


10.3 ±3.0 


0.0092 


0.073 


J1238+5325 


2005-03-02 


215.0 ±5.6 


156.5 ±8.9 


0.015 


0.12 


J1407+0235 


2004-05-17 


57.2 ±1.4 


48.9 ± 1.9 


0.037 


0.29 


J2125-0813 


2003-08-27 


112.7 ±6.1 


27.0 ±5.8 


0.056 


0.44 



Note. — (1) Short object name; (2) Date of the GALEX observations; (3) 
Observed near-UV {NUV) fl ux; (4) Observe d far-UV {FUV) flux; (5) Galac- 
tic reddening following Schle gel et al.l (Il998f): (6) FUV extinction correction, 
Apuv = 7-9E{B — V), using the ICardelli et aTl (|1989) parameterization of the 
Galactic extinction law for total-to-selective extinction ratio of Rv = 3.1; the 
extinction correction in the NUV, Anuv = S.OE{B ~ V), is the same within 2- 
3%. 



TABLE 8 
2MASS NIR Observations 



Object 


2MASS ObsDate 


J 


H 


Ks 


(1) 


(2) 


(3) 


(4) 


(5) 


HHMM±DDMM 


yyyy-mm-dd 


mag 


mag 


mag 


J0132-0952 


1999-08-09 


16.93 ±0.20 


16.00 ±0.20 


14.71 ±0.12 


J1004+4801 


1999-01-19 


16.32 ±0.11 


15.58 ± 0.14 


14.97 ±0.13 


J1238+5325 


2000-04-25 


16.04 ±0.11 


15.43 ± 0.15 


14.55 ±0.10 


J1407+0235 


2000-03-28 


> 17 


> 16.3 


> 15.8 


J2125-0813 


2000-08-27 


16.02 ±0.10 


15.16 ± 0.11 


14.28 ±0.08 



Note. — (1) Short object name; (2) Date of the 2MASS observation; 
(3) Observed J-band magnitude. The J band has an effective wavelength of 
-'^J.off ~ 1.235 /^m; (4) Observed _ff-band magnitude, AH,cff ~ 1.662 /im; (5) 
Observed A's-band magnitude, Ax^^cff = 2.159 /im. Note that the Galactic 
reddening corrections are < 0.05 mag in all cases for all three bands. 



of > 1.6 and > 4, respectively. SDSS J1238+5325 
has the same X-ray flux during the two observa- 
tions separated by 12 years in the AGN rest-frame. 
The remaining two sources are observed in a fainter 
state with Chandra than their corresponding early 
1990s ROSAT PSPC detections by factors of about 
3 (SDSS J10 04+4801) and 6 (SDS SJ2125-0813). For 
comparison, IShinozaki et all (|2006D find that the typi- 
cal flux-variabihty amplitude of sim ilar luminosity AGNs 
on timescales of decades is ~ 2.5. iMateos et al.l (|2007f ) 
compute the mean flux-variability ampl itude, ajntr (fo r 
a description of this quantity see Alm aini et al.l I200GD , 
of the unobscured AGNs from the Lockman Hole sam- 
ple. They find that the average AGN has a (Tintr ~ 
0.3, with a range of 0.2 < dintr < 0.5 for the 
AGNs with confirmed variability. The corresponding 
fintr values for our four variable sources are >0.2, 0.5, 
>0.6, and 0.7 for SDSS J0132-0952, SDSS J1004+4801, 
SDSSJ1407-0235, and SDSS J2125-0813, respectively 
Based on this small sample, it appears that most double- 
peaked emitters are more variable on decade timescales 
than the typical AGN. 

We tested the Chandra light curves for short-term vari- 
ability using the XRONOS package. It enables us to com- 
pute the RMS fractional variation (ctrms) of the count 
rate within each exposure after binning the data in inter- 
vals ranging from half a minute to about 15-30 minutes 
(allowing for at least 5 bins in each case). No short-term 



variability was detected. The 3a Gaussian limits on the 
variability range between ctrms < 0.1-0.3 for the higher 
signal-to-noise low-redshift objects and ctrms < 0.4-0.6 
for SDSS J2125-0813, depending on the length of the 
time interval probed. The non-detection of short-term 
variability is expected, as our objects are relatively lu- 
minous in the 0.5-10 keV band (with luminosities rang- 
ing between a few times 10*^ergs~^ and lO''^ ergs~^), 
and AGN variability amplitudes on short timescales are 
known to decreas e with increasing luminosities (e.g., 
iNandra et~anil997D . 'Lawren ce fc Papadakii (11993') show 
that for AGNs with hmrinosities in the 10'''^ — 10*^ erg s^^ 
range, timescales longer than 10"* — 10^ s are typically nec- 
essary to detect RMS variability of more than 10%; these 
timescales are 2-10 times longer than the exposure times 
in our snapshot survey. 

The optical variability of the five double-peaked emit- 
ters is also significant on long timescales (see Table ^ , 
with flux-density changes of up to a factor of 3 over 3- 
4yrs in the AGN rest frame in our sample, accompanied 
by Ha-line flux changes of up to a factor of 2.5. Figured] 
shows the HET and SDSS spectra of three of the five 
Chandra sources. Only two of the double-peaked emit- 
ters (SDSS J0132-0952 and SDSS J1407+0235) show 
clear Ha line-profile variations which are similar to 
those observed in double-peake d emitters with long- 
term variability m onitoring (e.g.. lEracleous et al.l 120061 : 
iGezari et all 120071 ). The three higher redshift AGNs in 
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ters are larger than or about equal to the spread ob- 
served around the aox('250oA) relation for normal RQ 



AGNs. The aox values are 



2an 
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Fig. 5. — The UV-to-X-ray spectral index vs . the 2500 A 
mono chromatic luminosity. The solid line is the ISteffen et al.l 
II2006I) '^ox-'25oo A I'clation; the dotted part is an extrapolation. 

our sample (SDSS J1238+5325, SDSS J1407+0235, and 
SDSS J2125-0813) vary by factors of ~2~3 in the 4000 A 
continuum in a few years. For comparison, the expected 
AGN variability at 4000 A for a si milar time lag in the 
SDSS is ~ 0.2 mag, or about 60% (,Ivezic et al.ll2004f) . 

We conclude that the double-peaked emitters stud- 
ied here are typically more variable on long timescales 
(years) in the optical (a variability range of 10-300%, 
see Table [6]) and the X-ray (factors of > 1.6, 3, 1, > 4, 
and 6, in order of increasing RA) than the average AGN. 
In S06 we compared the width of the apx residual dis- 
tribut ion to that of the luminositv-matched lSteffen et al.l 
()2006( l subsample and found that it was broader at the 
la level. This finding, which could be interpreted as an 
indication of larger X-ray and/or optical/UV variability 
for double-peaked emitters, is confirmed with the small 
sample studied here. 

5.3. Distribution of the UV-to-X-ray Indices 

We use the UV-to-X-ray index, aox, defined in 
terms of the logarithm of the ratio of the rest- 
frame 2500 A and 2keV monochromatic fiuxes, aox = 
-0.38381og[F^(2500A)/i^i.(2keV)], to compare the X- 
ray emission of our sample to that of more typical 
AGNs with similar optical/UV monochromatic luminosi- 
ties. The UV-to-X-ray indices of the five Chandra targets 
are shown as a function of their 2500 A monochromatic 
luminosities in Figure [5] and listed in Table ID There is a 
tendency for the double-peaked emitters to have fiatter 
aox values than typical RQ AGNs. This is expected for 
the one RL double-peaked emitter, SDSS J1238-5325, 
but is also apparent in the four RQ targets. We can 
characterize this discrepancy by subtracting from each 
observed value of aox the v alue expected based on the 
aox (^2500 a) relation found bv lSteffen et al.l ()2006l ) for RQ 
AGNs, Q!ox('250oa) — —0.137^2500^4^-1-2.638, and compare 
this to the spread, ctqox: observed around the relation for 
normal RQ AGNs. The aox residual values (Aaox), to- 
gether with the values of ctqq^ for similar luminosity RQ 
AGNs are given in columns 7 and 8 of Table [H 

The aox residuals of the four RQ double-peaked emit- 



cases of SDSS J0132-0952 and SDSS J1407-I-0235, and 
~ IcTaox too flat in the cases of SDSS J1004-t-4801 and 
SDSS J2125-0813. The remaining double-peaked emit- 
ter, SDSS J1238-h5325, has an UV-to-X-ray index which 
is 0.41 dex flatter than the value expected for similar- 
luminosity RQ AGN. This difference is typical for RL 
AGNs, which are known to have 2keV monochromatic 
luminosities of a factor of > 3 higher t han those of 
RQ A GNs with similar UV emission (e.g.. IWilkes et all 
Il994[ ). The combined optical and X-ray variability of 
the double-peaked emitters together with the uncertain- 
ties in the determination of ^2500 A large enough to ac- 
count at least partially for the Aaox values observed for 
SDSS J1004+4801 (up to 0.2 dex), SDSS J1407+0235 (up 
to 0.3 dex), and SDSS J2125-0813 (up to 0.3 dex). For 
X-ray or optical variability to be the cause of the anoma- 
lous aox values observed for these three RQ AGNs, the 
variability amplitude over the 2-4 months separating the 
Chandra and HET observations would have to reach the 
amplitude observed over years (optical) or decades (X- 
ray). Since the amplitude of AGN variability typically 
increases with time, this is not likely. 

Using alternative methods to estimate ^2500 A j (1) 
extrapolating the measured flux density at 3700A to 
2500 A using a uniform power-law of the form, f\ oc A"^ , 
with slop e a^ = -1.5 (IVanden Berk et al.l l2001h. or (2) 
using the iRichards et al.l ( 20061 ) SED template scaled to 
the observed fluxes in the extreme UV (see § I5.4p . we 
flnd results consistent with those reported in Table [4] 
within 0.2 dex (typically <0.1dex) in all cases. This is 
equivalent to an uncertainty of <0.1dex in aox, which 
is inadequate to explain the observed flattening of the 
UV-to-X-ray index. 

In addition, although variability and measurement un- 
certainty could be responsible for the flattening of the 
aox values in individual cases, it is unlikely that all 
four RQ double-peaked emitters would be affected in 
the same way. The mean value of the aox residuals is 
(aox — «ox('2500 a)) = 0.25±0.04 for the four RQ double- 
peaked emitters observed with Chandra, compared to 
(c^ox — Q!ox('2500 a)) — —0.02 ± 0.01, for th e luminosity- 
match ed sulDsample of RQ AGNs from ISteffen et al.l 
(j2006f ). Both the Gehan and logrank tests (T = 3.2, 
P = 0.1% and T = 7.7, P < 0.1%, respectively; see 
S06 for the use of these sample-comparison tests) conflrm 
that the current sample of 4 RQ double-peaked emitters 
has a statistically different distribution of aox residuals 
from the one found for all AGNs with simi lar UV lumi- 
nositie s and single-peaked lines presented in lSteffen et al.l 
()2006l ). This tendency was discernible in the S06 sam- 
ple (left panel of Figure 9 in S06), but not statistically 
significant; it was also observed in the preliminary anal- 
ysis of the five Chandra targets in combination with a 
sample of double-pe aked emitters observed with Swift 
(jStrateva et al.ll2007D . 

5.4. Bolometric Luminosities 

Figure [6] shows the spectral energy distributions 
(SEDs) of the five Chandra sources from the near- 
infrared (NIR) to the X-ray band. The X-ray spec- 
tra are represented as power laws with photon indices 
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given in Table [3l For the two AGN with neghgi- 
ble host-galaxy contamination (SDSS J1238-I-5325 and 
SDSS J2125-0813) we show the HET-epoch spectra in 
the optical region; for the remaining three objects we 
plot the SDSS AGN components scaled to the flux level 
during the HEX epoch. In all five cases we also plot 
the SDSS-epoch AGN components. Comparison of the 
HET-epoch and SDSS-epoch spectra gives an idea of 
the optical variability on long timescales (4-5 years). 
The near-UV (NUV, Aoff = 2267 A) and far-UV (FUV, 
Aeff = 1516 A) fluxes, obtained by the GALEX mis- 
sion (see Table [71) and corrected for Galactic extinction, 
are also shown. The extinction corrections, Apuv = 
7.9E(B - V) and Am iv = 8.0E{B - V), are from 
iGil de Paz et all (|2007f l. who used the ICardelh et all 
(|1989t ) parameterization of the Galactic extinction law. 
The NIR fluxes (obtained from the 2 MASS magnitudes 
reported in Table [8]) contain the host-galaxy contribu- 
tions in all cases, and are well above the template SEDs 
in Figure [6l If we subtract an elliptical-galaxy SED 
(scaled to the galaxy contribution in the SDSS spectra 
and corrected for the SDSS flber apertures; see Fioc & 
Rocca-Volmerange 1997 for the galaxy SED) from the 
NIR fluxes, we can account for part of the discrepancy 
between the observed NIR fluxes and the SED templates 
for SDSS J0132-0952 and SDSS J1004-h4801. In both 
cases a standard elliptical-galaxy template can account 
for <0.1 dex in the NIR; a dusty starburst would be nec- 
essary to explain the high observed NIR luminosities. In 
the cases of SDSS J1238-F5325 and SDSS J2125-0813, 
the NIR colors are more consistent with an AGN SED 
and the high observed luminosities are in line with the 
higher optical/UV fluxes. 

The average quasar SED from iRichards et all (|2006f ). 
scaled to the AGN continuum flux in the optical in 
each case, is also shown in Figure El We used the 
SDSS AGN component, scaled to the HET-epoch flux 
in the three cases with signiflcant host-galaxy contribu- 
tion j_aiid__tlie_JIET spect ra in the remaining two cases. 
The lRichards et all (|2006f ) average SEDs are similar from 
the infrared (IR) to the UV region to the standard 
lElvis et all (| 19941) median SEDs (both RQ SED tem- 
plates are shown in the second panel of Figure \6\ for 
one of our sources, SDSS J1407-t-023 5), but they differ 
substantially in the X-ray band. The lElvis et ah (199^ 
sample was biased toward AGNs with good S/N Einstein 
data (hence X-ray brighter th an the typical AGN) and 
bright in the extreme UV, and IRichards et ah! (|2006D ar- 
gue that typical AG Ns are redder and have lower X-ray- 
to-optical ratios. The Richards ct al.' (2006) RQ SED has 
an aox = -1.53 and the Elvis et al. (1994,) RQ SED an 
ttox — —1.38, compared to ttox = —1 .55 and apx = —1.54 
for their respective ZjgQg ^ from the ISteffen et al.l (|2006D 
relation; both SEDs have total (including the IR bump) 
bolometric luminosities of 2 x 10'*^ergs~^. Note that 
the G ALEX observat i ons a gree well with the optically- 
scaled iRkhards^T^ (|2006f ) template SEDs for the four 
RQ Chandra AGN (within 0.11 dex, or < 30%). The 
NUV band and the optical bracket rest-frame 2500 A in 
all four cases, suggesting that the ^2500 A estimates based 
on the optically-scaled teplate SEDs and the UV-to-X- 
ray indices are fairly robust (changes in Uox of less than 
0.05). The RL AGN, SDSS J1238-f 5325, is 0.4dex more 
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Fig. 6.— NIR through X-ray SEDs of the five double-peaked 
emitters from the Chandra sample in comparison with the SED 
of Arp 102B (see § 15.41 for detai ls). The obs ervations are shown 
with solid lines and points. The Richards et al.1 ||200Q1 SED tem- 
plates, normalized to the optical continua during the HET epoch, 
are shown with dashed lines in each panel. The SDSS J1407— 0235 
panel also shows the RQ SED of Elvis et al. (1994), with a dashed 
line that is distinctly higher in the X-ray range compared to the 
IRichards eF al. (2006) SED. An SED template was created in each 
case by extrapolating the observed X-ray power l aw into the ex- 
treme UV, until it meets the optically-normalized IRichards et al.1 
pool ) template; the area under the SED template, used to com- 
pute the bolometric luminosities, is shaded in each panel. The 
bottom panel shows the Arp 102B SED in comparison to the 
'Richards et al. (2006) SED, normalized at 3200 A; the Arp 102B 
SED lacks a Big Blue Bump (BBB) around u ~ lOl^ -l Hz. 

luminous in the NUV band during the GALEX epoch 
relative to the HET-epoch optically-scaled RL template 
SED; a similar variation at 2500 A in the 17 days (13 
in the AGN rest frame) between the Chandra and HET 
observations would result in a change in ctox of 0.16, and 
cannot fully account for the observed flatter aox- 

The Arp 102B SED , discussed in more detail by 
lEracleous et al.l (|2003ar ). is shown in the last panel of 
Figure ini for comparison. We use the Advanced Satellite 
for Cosmology and Astrophysics (ASCA) X-ray spectrum 
presented by Eracleous et al. (2003a; see also Lewis & 
Eracleous 2006), th e Hubble Space Teles cope (HST) UV 
spectrum given in iHalpern et al.l (|1996l ). a nd the NIR 



and m id-infr ared (M I R) sp ectra published by Riffel et al 
(^006) and ICharvl (|2007l) . respectively. ^ Riffel et al 



2006. ) note strong stellar features in the NIR spectrum 
of Arpl02B, which was integrated over a 700 pc region 
centered o n the ac t ive nu cleus. The MIR source extent, 
studied bv ICharvl (|2007D . was around 250 pc; for com- 
parison, the HST aperture diameter is ~400pc. In the 
same panel of Figure El we show the average quasar SED 
from IRichards et al.l (j2006t ) in the infrared-to-UV region 
(scaled to the reddest UV wavelength of the Arpl02B 
HST spectrum, ~3200 A) together with the ASCA power 
law in the X-ray region. In addition, the NIR emission of 
Arp 102B includes a strong galaxy contribution, while in 
the MIR variability by a factor of 2.5 over a five year pe- 
riod was noted; both variability and varying host-galaxy 
contributions are likely responsible for part of the dis- 
crepancy between the quasar SED and the Arp 102B IR 
data. The Arp 102B SED is characterized by a lack of a 
'big blue bump' (BBB), the excess emission between the 
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X-ray and UV bands {f ^ lO^*^ "* Hz) normally associated 
with the innermost parts of the accretion disk (which 
is likely replaced by a hot radiatively inefficient central 
structure in the case of Arp 102B and other AGNs with 
RIAFs). In contrast to the Arp 102B SED, the GALEX 
observations of the five double-peaked emitters presented 
here show that the BBB is present in all five SEDs, with 
the possible exception of SDSS J1004-h4801. The pres- 
ence of BBBs is further confirmation for the relatively 
high efficiency of the accretion flows in these AGNs, ex- 
cluding RIAF models for them. 

Using the template SEDs from Figure \6\ we can es- 
timate the bolometric luminosities of the double-peaked 
emitters which we list in the last column of Table S) The 
[Richards et al.l ()2006f ) SED does not extend to the radio 
domain (10^ Hz <v< lO^^.Sjj^)^ ^he v < lO^^.Sjj^ 
region is energetically unimportant and does not affect 
the bolometric luminosity estimates. The template SED 
bolometric luminosities will overestimate the true lumi- 
nosities if the IR bump consists of fully reprocessed nu- 
clear continuum emission and should be excluded when 
computing the total luminosity. Such 'double-counting' 
of the IR emission can result in overestimates of the bolo- 
metric luminosity of up to 20-30%. We can obtain upper 
limits to the bolometric luminosities and an estimate of 
possible uncertainties by normalizing the IR-to-extreme- 
UV part of the SED template to the NIR (in all cases 
but SDSS J1004-I-4801), the extreme UV (in the case of 
SDSSJ1238-)-5325), and/or the SDSS-epoch spectra (in 
the case of SDSS J2125— 0813, for example, where the 
SDSS-epoch flux was higher). In all cases, we find that 
the bolometric luminosities can be at most a factor of 
2-3 higher than those reported in Table IH 

On average about 30% of the bolometric luminosity 
is emitted between 0.5-10 keV in our sample (with a 
range of 16-36%; or between 2% and 12% in the 0.5- 
2keV X-ray band), compared to ~ 3% e mitted between 
0.5-10 keV for the AGN composites of [Richards et al.l 
(120061) and ^ 8% fo r the median RQ AGN composite 



of lElvis et all ( pH. This comparison is not entirely 
fair, since the [Richards et al.l (2006) and Elvi s et aU 



([l99l SEDs are constructed using more luminous AGNs 



2500 J 



30.6 and / 



2500 A 



30.5, respectively) and 
Ltnx is luminosity de pendent. If we renormalize the 
[Richards et al.l (|2006[ ) SED to the average value of ^2500 A 
in our sample, ^2500 A = 29.2, and scale t he X-ray part 
of the SEDs to the level inferred from the [Steffen et al.l 
(|2006( l Q;ox(^2500 a) relation for typical RQ AGNs, we find 
that even in this case only 7-8% of the bolometric lu- 
minosity is emitted between 0.5-10 keV by typical RQ 
AGNs. This restates the conclusion from 15.31 the aver- 
age RQ double-peaked emitter from our Chandra sample 
has an aox value flatter by 0.25 dex relative to that of a 
typical RQ AGN and is 0.65 dex more luminous at 2 keV, 
which is equivalent to emitting about 30% of its bolomet- 
ric luminosity between 0.5-10 keV. 

5.5. Disk Illumination 

To compute theoretically the emerging spectrum of an 
accretion disk, both an accurate representation of the 
vertical structure of the disk and a suitable approxima- 
tion for the radiation transfer are necessary. Williarnj 
(fT98Q) ■ for example, computes the B aimer-line emission 
from the outer, optically thin parts of the accretion disks 



of cataclysmic variables, assuming a vertically homoge- 
neous disk and local termodynamic equilibrium (LTE). 
This paper finds that the outer regions of the disk cool 
through line emission (with < 20% of the locally available 
viscous energy emitted as Ha), producing the Balmer- 
line series with small Balmer decrements {Fna/Fnp w 1). 
For comparison, the observed Balmer-line decrements 
range between 3 and 4 for the four low-redshift Chandra 
targets (for which both Ha and H/? fall within the SDSS 
wavelength coverage) similar to the Balmer decrement of 
3.2 which is considered typical for the BLR gas. 

Assuming a hom ogene ous photoionized disk, 
[Gollin-Souffrh] (fl98l and [Diimont fc Gollin-SoiiffrinI 
19901) argued that standard accretion disks in AGNs can 



produce low-ionization lines with characteristics similar 
to those observed in the BLRs of AGNs (including 
steeper Balmer-line decrements) if the disk is externally 
illuminated. The lines arise in the radiatively excited 
skin of the inner (10^i?G < R < 10'*i?G) accretion disk 
or the radiatively heated body of the outer {R > 10^i?G) 
disk. 

The need for external illumination of the accretion disk 
is an important constraint on models aiming to explain 
the existence of double-peaked Balmer lines in AGNs. 
We can use the ratio of the Ha luminosity to the vis- 
cous power available locally in the line-emitti ng region 
of the disk, Lna/Wd, in comparison with the [Williams! 
I^ 1980( ) computations, to estimate the need for external 
illumination. The viscous power available locally in the 
line-emitting region of the disk, Wd, can be estimated 
using an estimate of the bolometric luminosity and the 
extent of the emission- line region as described in, e.g., 
E03 and S06. In this work we use the bolometric lumi- 
nosity estimates based on the observed spectral energy 
distributions (SEDs) presented in § 15.41 

E03 and S06 have found that for most double-peaked 
emitters Lhq/W^cI ranges between 0.1 and 3. The 
Lua/Wd ratios for the five double-peaked emitters stud- 
ied here are shown in Figure [7] in comparison to the 20 
double-peaked emitters from Table 7 of E03.^^ Note that 
the apparent anti-correlation seen in this figure is just 
a consequence of the fact that Wd is derived from the 
bolometric luminosity which correlates with the X-ray 
flux. For Liia/Wfi > 1, the energy released locally by 
viscous dissipation cannot power the observed line even 
in principle. This is the case for one of our Chandra 
targets, SDSS J1004+4801, and 7 out of the 20 (35%) 
double-peaked emitters presented by E03. Three of the 
remaining four Chandra double-peaked emitters (as well 
as 9 out of the 20 E03 sources) have 0.2 < Lua/Wd < 1. 
Thus, the observed Ha luminosities are uncomfortably 
close to the total energy a.vailable locally, and larger 
than the 20% upper hmit of [Wimamsl (fl980l) . suggesting 
that external illumination plays a role. The only excep- 
tion is the most luminous SDSS double-peaked emitter, 
SDSS J2125-0813; for a standard Ha to H/3 luminosity 
ratio of 3.2, the measured Ln/s/Wd = 0.04 corresponds 
to Lua/Wd ~ 0.12, and no external illumination is nec- 
essary. 

The total soft-band X-ray luminosity is a factor of 10- 

We do not show the corresponding ratios for the S06 objects 
as the estimates were based on hmits of the inner and our radii of 
the emitting regions rather than exact profile fits. 
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Fig. 7. — The ratio of the X-ray flux to the Ha Hne luminosity, 
Ljjjj, vs. the ratio of L^^a to the viscous power released locally by 
the accretion disk, W^j. The open squares denote the RL sample 
of EOS, and the solid (open) circles indicate the RQ (RL) Chan- 
dra double-peaked emitters. The d ashed line, at ina/^d = 0.2, 
corresponds to the Williarn^ I I1980I) prediction for Ha- line cooling 
in a homogeneous, optically-thin LTE disk (see 15.51 for details); 
for objects lying above this line external illumination is necessary 
to produce H« emission of the observed strength. The apparent 
anti-correlation seen in this figure is just a consequence of the fact 
that W(j is derived from the bolometric luminosity which correlates 
with the X-ray flux. 

30 higher than the Ha luminosities for all five double- 
peaked emitters (and ranges between 0.7 and 100 for 
the EOS sources), showing that enough energy is re- 
leased within a few Rq of the black hole to illuminate 
the Balmer-line-emitting portion of the disk and produce 
line-emission with the observed strength. 

Assuming that the disk is photoionized and a thin 
skin emits the lines, the Ha power depends on the 
illuminating flux and the reprocessing efficiency (i.e., 
what fraction of the cooling comes out as Ha). 
ICollin-Souffrin &: Dumontl (|1989D show that, in the case 
of a photoionized disk, about 20% of the "effective 
continuum power" , defined as Le = 

i/L^(3646A) + 

i^ii/(10keV), could be emitted as Ha. In all five cases 
studied here, the Ha-line luminosities are equal (in the 
case of SDSS J1238-I-5325) or much smaller (by factors 
of 7, 6, 16, and 66, respectively, for the remaining four 
cases in order of increasing RA) than 20% of the effective 
continuum power. 

We conclude that external illumination is necessary 
in at least four of the five cases studied here, since 
the locally available viscous energy is insufficient and 
the Balm e r-line decrements too steep, compared to the 
IWilliamj (|1980D predictions. A photoioni z ed di sk as 
described in e.g.. ICollin-Souffrin fc DumontI (|1989D . can 
produce Ha-line emission of the observed strength with 
the proper Balmer-line decrements. 

5.6. Intrinsic Absorption 

Based on the X-ray spectral fits presented in § [3J large 
column density neutral absorbers are ruled out in all 
cases. As a simple test for the presence of ionized ab- 
sorbers, we added one or more edges at ~ 0.7 — 0.8 keV 
to all model fits; this failed to improve the fits at sig- 



nificance levels > 90% in all cases, with the excep- 
tion of SDSS J0132-0952. SDSS J0132-0952 (see S iXTll . 
requires ionized intrinsic absorption with iVn,! ~ 4 x 
10^^ cm^^ and ^ « 160 erg s~^ cm, but both quanti- 
ties are poorly constrained. Silimarly, although not re- 
quired by the data, the limited signal-to-noise ratio in 
the case of SDSS J2125— 0813 allows for the addition of a 
A^H.i ~ 7xl0^^cm~^, ^ ~ 200 erg s~^ cm ionized intrinsic 
absorber. 

Recent work by ICao fc Wangj (|2006l ) casts doubt on 
the suitability of a RIAF to illuminate efficiently the 
outer portions of the accretion disk, suggesting instead 
that the required illumination can be provided by low 
Lorentz factor (< 2) jets in RL objects or slow out- 
flows in the case of RQ double-peaked emitters. If slow- 
moving outflows in the immediate vicinity of the black 
holes are responsible for the disk illumination, then X-ray 
observations are expected to show large X-ray absorbing 
columns: iVn,! > lO^^cm"^, provid ing a suitable s catter - 
ing depth of r ~ 0.2, according to ICao fc Wand ([2006^. 
As an example of the prevalenc e of su itable ionized ab- 
sorbers in AGNs. ICao fc Wand (|2006f) cite the work of 
iPiconcelli et al.l ()2005f ). who found that 20 out of the 45 
AGNs in their sample show signs of ionized absorption 
(parameterized by 0.7 — 0.8 keV absorption edges in 16 
of the 20 cases with r > 0.1, and XSPEC absori fits in 
the remaining 4). 

The 0.3-10 keV X-ray spectra of the four RQ double- 
peaked emitters studied here do not require large col- 
umn density ionized absorbers, with the exception of 
SDSS J0132— 0952, where a lower column-density ab- 
sorber is present, and SDSS J2125— 0813, where a high 
column-density and ionization absorber could not be 
ruled out. The Chandra snapshot survey presented here 
has yielded spectra with a limited numbers of counts and 
was not designed to provide stringent constraints on the 
column densities and ionization states of possible ionized 
absorbers, but the presence of such absorbers appears 
unlikely in at least two of the four RQ objects from the 
current sample. 

If high column density absorbers were common in 
double-peaked emitters as a class, we might also ex- 
pect that the UV-to-X-ray indices measured based on 
X-ray photometry (e.g., S06) should reflect this by show- 
ing steeper aox distributions (since the measured X-ray 
fluxes would be depressed by absorption). In fact, as ar- 
gued above, the double-peaked emitters tend to have flat- 
ter aox values than similar optical/UV luminosity AGNs, 
suggesting excess X-ray emission relative to the UV emis- 
sion. 

We conclu d e th at the slow-outflow model of 
ICao fc Wand (120061 ) could provide the illumination 
necessary to power the strong double-peaked lines 
observed in some double-peaked emitters, but is unlikely 
to be responsible for the necessary extra power in all 
cases. 

6. SUMMARY 

The five double-peaked emitters observed with Chan- 
dra show diverse properties in the X-ray band. Their 
0.3-10 keV emission is well fit by simple power laws; 
the power-law emission is modified by intrinsic absorp- 
tion in the case of SDSS J0132-0952. The measured 
power-law photon indices, 1.6 < F < 1.8, are typical 
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for similar luminosity AGNs, with the exception of the 
most optically luminous object, SDSS J2125— 0813. The 
0.3-10 keV spectrum of SDSS J2125-0813 is either ab- 
sorbed, or has an unusually flat slope of F ~ 1, and 
possible Fe XXV Ka emission. 

The soft X-ray emission is strongly variable on 
timescales of years, but no short term (minutes) vari- 
ability is detected, as expected for snapshot observations 
of similar X-ray luminosity AGNs. The optical fluxes 
and Ha-line fluxes also vary strongly on long timescales, 
with stronger variability amplitudes than typical AGN 
observed in the optical. 

The four RQ double-peaked emitters have strong X- 
ray emission (with about 30% of the total flux emit- 
ted in the 0.5-10 keV band) relative to their estimated 
monochromatic luminosities at 2500 A, and statistically 
flatter UV-to-X-ray spectral indices. They all show a 
classical BBB in the extreme UV, suggesting the absence 
of RIAFs. External illumination of the accretion disk 
is necessary to produce Balmer-line emission of the ob- 
served strength in at least four of the five cases (with 
the exception of the most luminous SDSS double-peaked 
emitter SDSS J2125— 0813), and the excess X-ray emis- 



sion could supply the extra energy although it is still 
unclear how the accretion disk will intercept a sizable 
fraction of the soft X-ray emission. 
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